We study the radio-far infrared (FIR) correlation in "blue cloud" galaxies chosen from the PRism MUltiobject Survey (PRIMUS) up to redshift (z) of 1.2 in the XMM-LSS field. We use rest-frame emission at 1.4 GHz in the radio and both monochromatic (at 70µm) and bolometric (between 8 − 1000 µm) emission in the FIR. To probe the nature of the correlation up to z ∼ 1.2, where direct detection of blue star-forming galaxies is impossible with current technology, we employ the technique of image stacking at 0.325 and 1.4 GHz in the radio and in six infrared bands, viz. 24, 70, 160, 250, 350 and 500 µm. For comparison, we also study the correlation for more luminous galaxies that are directly detected. The stacking analysis allows us to probe the radio-FIR correlation for galaxies that are up to 2 orders of magnitude fainter than the ones detected directly. The k−correction in the infrared wavebands is obtained by fitting the observed spectral energy distribution (SED) with a composite mid-IR power law and a single temperature greybody model. We find that the radio luminosity at 1.4 GHz (L 1.4GHz ) is strongly correlated with monochromatic FIR luminosity at 70 µm (L 70µm ) having slope 1.09 ± 0.05 and with bolometric luminosity (L TIR ) having slope 1.11 ± 0.04. The quantity q TIR (= log 10 [L TIR /(3.75 × 10 12 L 1.4GHz )]) is observed to decrease with redshift as q TIR ∝ (1 + z) −0.16±0.03 probably caused due to the non-linear slope of the radio-FIR correlation. Within the uncertainties of our measurement and the limitations of our flux-limited and color-selected sample, we do not find any evolution of the radio-FIR correlation with redshift.
INTRODUCTION
The radio-far infrared (FIR) correlation is one of the tightest observed correlations in astrophysics that connects several independent physical parameters in the interstellar medium (ISM). The radio luminosity and the FIR luminosity of star-forming galaxies are observed to be correlated over five orders of magnitude for the global scale (Helou et al. 1985; Condon 1992; Yun et al. 2001; Appleton et al. 2004; Sargent et al. 2010 ) with dispersion less than a factor of 2. The radio luminosity is typically measured at 1.4 GHz and the FIR luminosity can be both monochromatic (at 24, 60 or 70µm) or bolometric (between 40 and 120µm or between 8 and 1000µm).
The radio-FIR correlation is well studied for galaxies in the local universe for several classes of galaxy morphology like spirals, ellipticals, dwarf irregulars, etc. It is known to hold good at global (Condon 1992; Yun et al. 2001; Price & Duric 1992; Wunderlich et al. 1987) as well as at local scales (few 100 pc to few kpc) within galaxies (Basu et al. 2012b; Dumas et al. 2011; Hughes et al. 2006; Hoernes et al. 1998) . At the brightest end of FIR luminosity, the relationship is observed to hold for (ultra) luminous infrared galaxies [(U)LIRG] and star-burst galaxies. At the faintest end it holds in dwarf galaxies (Chyży et al. 2011; Roychowdhury & Chengalur 2012) .
It is believed that star-formation connects the two regimes of emission. Synchrotron (also referred to as non-thermal) emission in the radio band is caused by acceleration of cosmic ray electrons (CREs) in the galactic magnetic field produced by supernova explosions of massive stars. In the FIR, the emission originates due to dust re-radiation, heated by ultraviolet (UV) photons from massive ( 10 M ⊙ ), short lived (∼ 10 6 yrs) stars. However, the tightness seen in the correlation needs to be explained, as a number of independent physical quantities are responsible for the emission in each regime like, the magnetic field, number density of CREs, energy losses of CREs, star formation history, dust/gas density, dust absorption efficiency, etc. Several models have been proposed to explain the tightness seen in the radio-FIR correlation (see e.g. ; Völk 1989; Helou & Bicay 1993; Niklas & Beck 1997) . More recent models by Lacki et al. (2010) and Bell (2003) have shown that the above mentioned factors conspire to maintain the tightness observed for the global radio-FIR correlation.
Observationally, it is important to assess the form of the radio-FIR correlation at high redshifts as it might depend on the evolution of ISM parameters with redshift (z) like synchrotron and inverse-Compton losses, dust content, star formation rate, magnetic field strength and overall SED (see e.g. ; Murphy 2009; Lacki et al. 2010; Schleicher & Beck 2013) . Recently, Schleicher & Beck (2013) predicted a modification of the form of the radio-FIR correlation, based on the observed relationship between magnetic field strength and star formation rate caused due to turbulent amplification of the magnetic field. A breakdown in the correlation is expected depending on the dominant energy loss mechanism of the CREs in the radio domain, i.e., synchrotron, inverse-Compton, bremsstrahlung and/or ionization losses.
Typical (1σ) sensitivity of most of the existing deep radio surveys are limited only to few tens of µJy (see e.g., Bondi et al. 2003 [VLA-VVDS] ; Schinnerer et al. 2010 [VLA-COSMOS]; Hodge et al. 2011 [EVLA-Stripe82] , etc.). However, a few deeper surveys exists reaching 1σ sensitivity < 10 µJy (see e.g., Miller et al. 2013 [E-CDFS]; Morrison et al. 2010 [GOODS-N] ). These observations can detect normal galaxies (L 1.4GHz ∼ 10 22 W Hz −1 ) up to redshift of ∼ 0.2 at 1.4 GHz with 5σ sensitivity, making it difficult to study the radio-FIR correlation for such galaxies at higher redshifts. The correlation has been studied for (U)LIRGs with higher luminosity (L 1.4GHz 10 23 W Hz −1 ) up to redshifts of ∼ 3 (Appleton et al. 2004; Mao et al. 2011; Del Moro et al. 2013 ). Such galaxies can have significant contamination due to AGNs and compact nuclear starbursts. Even in the case of relatively low optical depth, starburst related free-free absorption can give rise to substantial obscuration (Condon et al. 1991 ) that can affect the form of the correlation. It is therefore imperative to study the radio-FIR correlation for less extreme starforming galaxies at high redshifts where the bulk of the radio and FIR emission originates from star formation.
In this paper, we study the properties of the radio-FIR correlation, both the slope and the traditionally defined 'q' parameter, for a flux limited and color selected sample in the XMM-LSS field. We explore the correlation for blue star-forming galaxies up to z ∼ 1.2 employing the technique of image stacking. Due to the inherent flux limitation of the parent sample, we detect normal star-forming galaxies up to z ∼ 0.9 and more luminous galaxies above that. For comparison, we study the correlation for luminous galaxies that are directly detected in this field up to z ∼ 0.95.
The paper is organized as follows: In Section 2, we describe our sample selection and data. We discuss the technique of image stacking at 0.325 GHz and 1.4 GHz in the radio and at 24, 70, 160, 250, 350 and 500 µm in the FIR and the k−correction method in Section 3. We present our results in Section 4 and discuss them in Section 5. Throughout this paper, we assume a flat Λ−CDM model with H 0 = 70 km s −1 , Ω M = 0.27 and Ω Λ = 0.73.
SAMPLE SELECTION AND DATA
To study the radio-FIR correlation at high redshift, one requires robust identification of galaxies along with accurate spectroscopic redshifts. The radio emission in galaxies mainly originates from non-thermal emission and thermal bremsstrahlung emission. The thermal emission can affect the form of the radio-FIR correlation (Hoernes et al. 1998; Hughes et al. 2006 ). However, owing to the steep spectrum, more than 95 percent of the total emission at low radio frequencies (∼ 0.325 GHz) is non-thermal in origin (Basu et al. 2012a) . Thus, to ensure that the bulk of the radio emission is non-thermal in origin, a deep radio survey at low frequencies, like 0.325 GHz, is necessary. Finally, a deep survey in the FIR regime at longer wavelengths (λ 20 µm) is important to avoid contamination from polyaromatic hydrocarbon features in the 5 − 10 µm regime up to z = 1.
Here, we combine our Giant Metrewave Radio Telescope (GMRT) observations at 0.325 GHz with archival mid-infrared, far-infrared and 1.4 GHz radio data in the XMM-LSS field (centered at RA=2h 21m 00s, Dec=−4
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′ 00 ′′ J2000). In Table 1 we present the salient features of the various multiwavelength surveys used in this paper and Figure 1 shows the footprints of these surveys overlaid on the 0.325 GHz GMRT mosaic image.
2.1. PRIMUS galaxy sample 2.1.1. Salient features of the PRIMUS survey Our parent galaxy sample is drawn from the PRIsm MUlti-object Survey (PRIMUS; Coil et al. 2011) . PRIMUS is a spectroscopic faint galaxy redshift survey to z ∼ 1 using the Inamori Magellan Areal Camera and Spectrograph camera on the Magellan I Baade 6.5 m telescope at the Las Campanas Observatory. PRIMUS observed ∼ 2500 objects at once over a 0.18 deg 2 field of view employing a low-dispersion prism and slitmasks. PRIMUS has covered a total of 9.1 deg 2 of sky to a depth of i AB ∼ 23.5 in seven well studied fields, one of which is the XMM-LSS field. It is in this field that the highest number of PRIMUS spectroscopic redshifts have been obtained. The redshift distribution of PRIMUS sample galaxies peaks at z ∼ 0.6 and extends to z = 1.2 for normal galaxies (the galaxies of interest in this paper) and z = 5 for broad-line active galactic nuclei. In the XMM-LSS field, PRIMUS observations cover ∼ 2.88 deg 2 sky area and detected a total of 102218 objects. Due to the usual limitations of a prism based spectrograph, not all redshifts are equally robust. The PRIMUS team assigned a redshift confidence flag Q for every galaxy in their sample. They consider a redshift measurement to be robust if Q = 3 or 4. With this criterion, robust redshifts were obtained for a total of 44451 normal galaxies and AGN in the XMM-LSS field. We only use the galaxies with robust redshift measurements in our analysis. Note that in the XMM-LSS field there are also PRIMUS calibration observations of some sources in the VVDS field (Le Fèvre et al. 2005) . This was done to verify the quality of prism spectroscopy in PRIMUS by comparing it to higher resolution spectroscopy done with other telescopes. Since these calibration sources are mostly a mix of galaxies from different spectroscopic campaigns, it is difficult to perform any kind of statistical analysis on them. We have therefore excluded all sources in the calibration fields in the XMM-LSS area from our sample.
Removal of AGN
The PRIMUS color selection is designed to select normal (non-AGN) galaxies with 0 < z < 1.2. Separately, a variety of targeting criteria were used to target candidate AGN (see Coil et al. 2011) . The PRIMUS team carefully identified the AGNs in their sample by fitting AGN spectral templates (see Cool et al. 2013 ). These are indicated by the CLASS keyword in the PRIMUS catalog. We have removed the objects which have CLASS=AGN in our analysis.
Removal of red galaxies
A second, more serious, complication is that the PRIMUS sample contains both "blue cloud" and "red Simpson et al. (2006) . The inner blue area shows the 2.88 deg 2 coverage of the PRIMUS and the outer blue area shows the coverage of CFHTLS. The yellow area outlines the SWIRE coverage of ∼ 9 deg 2 and the orange area shows the HerMES coverage of the XMM-LSS field covering ∼ 15 deg 2 . sequence" galaxies. These correspond to different galaxy populations with large differences in physical parameters such as the current star-formation rate, star formation history, stellar mass, dust content and to a large extent, galaxy morphology (Tojeiro et al. 2013) . Broadly, the "blue cloud" galaxies represent active star-forming, disk galaxies (Kauffmann et al. 2003; Wyder et al. 2007) while the "red sequence" galaxies are passive and/or dust-obscured active star-forming galaxies (Baldry et al. 2006; Taylor et al. 2015) . The significant and systematic differences in star formation properties of these two populations are likely to impact their radio and FIR properties as well. It is therefore important to remove the "red" galaxies from our sample.
Since the radio-FIR correlation is believed to be driven by star formation, we focus our attention on studying the "blue cloud" galaxies (henceforth referred as blue galaxies). Blue galaxies are widely distributed across redshifts (see e.g., Labbé et al. 2007; Brammer et al. 2011) , actively forming stars and are supposed to dominate the cosmic star formation rate density (Magnelli et al. 2009 ). Further, they are sufficient in number to produce better signal-to-noise ratio (S/N) for stacking analysis. The number of red galaxies in the PRIMUS sample are insufficient for a robust analysis and are therefore not studied here. We find a total of 36,776 blue galaxies in PRIMUS at whose positions we perform image stacking in various infrared and radio bands.
A color-magnitude diagram is used to separate "blue" and "red" galaxies. For the PRIMUS sample, Skibba et al. (2014) proposed a color-magnitude diagram based separation using the u − g color and the g−band absolute magnitude (M g ). The dividing line in the colormagnitude plot is defined as (Skibba et al. 2014) ,
Here, z is the redshift of the galaxy. The redshift dependence accounts for the change in the positions of the two populations with redshift. Using this dividing line, we separate the PRIMUS galaxies into "blue cloud" and "red sequence" galaxies. Overall ∼80 percent of the PRIMUS galaxies are blue, however, this fraction changes slightly with redshift.
A small fraction of dusty star-forming galaxies may appear red due to reddening and thus can be classified as red galaxies owing to the color selection. Our sample misses star-forming galaxies where the blue light is significantly absorbed or scattered by dust. For PRIMUS galaxies, Zhu et al. (2011) showed that, at L ∼ L ⋆ , obscured star-forming galaxies comprise ∼ 15 percent of the red sequence population over all redshifts. They find, at lower luminosities (up to 0.2L ⋆ ), the fraction of obscured star-forming galaxies in the red sequence population are up to ∼ 30 percent. In the PRIMUS sample, due to the inherent flux limitation, such galaxies reside mostly in the lower redshift bins. At higher redshifts the low luminosity galaxies are missed by the PRIMUS itself and therefore it is difficult to study the overall fraction of obscured star-forming galaxies. However, in our sample of PRIMUS galaxies we find ∼ 20 percent to be red, in the redshift range 0-1.2. Thus, up to ∼ 6 percent of the entire PRIMUS sample studied here could be dusty starforming galaxies which are missed in our sample of blue galaxies. Right Ascension (J2000) Declination (J2000) Fig. 2 .-A small portion of our 0.325 GHz image is shown with the blue PRIMUS galaxies overplotted as red circles. It is apparent that the surface density of PRIMUS sources far exceeds the density of radio sources. Overall, 99.7 percent of the PRIMUS galaxies do not have detected 0.325 GHz radio counterparts above 5σ level.
Malmquist bias
PRIMUS is a flux limited survey. It samples 100 percent of target galaxies to i AB = 22.5 and samples galaxies sparsely up to 0.5 magnitudes fainter with well defined a priori sampling rates. Like all flux limited surveys, it is subject to the well known Malmquist bias. At progressively higher redshifts, galaxies with higher intrinsic luminosities form the luminosity cutoff in the sample. This bias could be corrected by employing a luminosity cutoff that is sufficiently high. Unfortunately, given our requirement for large sample size while stacking, such an approach would not work for us. For a fixed flux limit, and with no k−correction, the ratio of the minimum luminosity in the highest redshift bin to that in the lowest one is about 125, for our chosen cosmological parameters. The lowest redshift bin samples galaxies that are more than ∼ 0.2 times as luminous as the Milky Way while the highest bin samples galaxies that are more than ∼ 25 times brighter than the Milky Way. This implies that a true comparison of similar type of object (e.g. at a fixed k−corrected luminosity or at fixed stellar mass) across redshifts is not possible for our sample.
Further, PRIMUS is forced to exclude regions around bright stars, so there are gaps in the spectroscopic coverage where such stars are present. Also, the spectrograph places limits on the minimum separation between slits. This implies that the highly clustered component of the sample is incompletely sampled.
Despite these limitations and biases, we chose to work with the PRIMUS since it provides the largest sample of flux-limited, high-density, non-AGN galaxies with spectroscopic redshifts over a relatively wide area to z ∼ 1.2 that is currently available.
The XMM-LSS field is observed at 0.325 GHz using the GMRT for 40 hours divided into four 10 hour observation runs. The field is covered by a 16-pointing mosaic with a phase center to phase center separation of 1.0 degree. Scans are carried out in semi-snapshot mode of 6-17 min each to optimize the uv-coverage. This resulted in approximately uniform sensitivity within the central region. The final map covers the central ∼ 12 deg 2 having an average 1σ rms noise of ∼ 150 µJy beam −1 (shown as the thick black region in Figure 1 ). Additional area covered has higher rms noise. A detailed description of the observations and data reduction will be presented in a forth-coming paper (Sirothia et al., in prep) .
In our 0.325 GHz observations, we detected 3929 sources with signal-to-noise ratio higher than 5σ local rms noise within the central region of which 894 sources lie within the PRIMUS footprint. There are only 111 sources having a PRIMUS counterpart (see Table 1 ) and 85 of them are identified as blue galaxies. Thus, more than 99.7 percent of the PRIMUS galaxies are not directly detected at 0.325 GHz. The large number of non-detections in the radio, makes this sample ideal for stacking analysis. Figure 2 shows the positions of the PRIMUS blue galaxies (red circles) overlaid on a small part of the 0.325 GHz radio image. The image clearly shows that bulk of the radio sky is blank at the position of the PRIMUS blue galaxies.
To estimate the spectral index for k−correcting the 0.325 GHz luminosities to respective rest frequency at higher redshift we used the Very Large Array 1.4 GHz image from Simpson et al. (2006) (shown as the red area in Figure 1 ). They observed ∼ 1.3 deg 2 of the Subaru/XMM-Newton Deep Field and produced a catalog of 505 sources covering the central 0.8 deg 2 with peak flux density limit of 100 µJy at 5σ. There are 478 sources lying within the PRIMUS coverage of which 109 have a PRIMUS counterpart.
FIR data between 24 − 500 µm
The Level 6 Herschel Multi-tiered Extragalactic Survey 1 (HerMES) in the XMM-LSS field cover ∼ 19 deg 2 having 5σ sensitivity of about 25.8, 21.2 and 30.8 mJy at 250, 350 and 500 µm, respectively using the SPIRE instrument (Oliver et al. 2012) . The footprint of the Her-MES is shown in orange in Figure 1 . HerMES provides images having angular resolution ∼ 18, 25 and 37 arcsec at 250, 350 and 500 µm, respectively. The DR2 catalog (Smith et al. 2012; Roseboom et al. 2010) contains 44120 sources in the XMM-LSS field that have been detected in at least one of the SPIRE bands of which 31676 sources have been detected in all three bands. Table 1 lists the number of sources detected in each of the Her-MES bands along with the number of sources within the PRIMUS coverage. Only 2445 of the PRIMUS galaxies, i.e., about 5.5 percent, are detected in all the three bands of the HerMES. This field is also covered by the Spitzer space telescope as a part of Spitzer Wide-area InfraRed Extragalactic (SWIRE) survey 2 (Lonsdale et al. 2003) using IRAC 3.6, 4.5, 5.8 and 8 µm bands and MIPS 24, 70 and 160 µm bands over ∼ 10 deg 2 (see Figure 1 ). For modeling the re-processed dust emission in the infrared bands, we combined imaging from the SWIRE 3 at λ = 24, 70 and 160 µm with the HerMES DR2 at 250, 350 and 500 µm.
3. ANALYSIS 3.1. Image stacking Most radio images are overwhelmingly dominated by "blank sky" because radio source densities on the sky are very low, at the sensitivity we can achieve with current technology. Even in our relatively deep 0.325 GHz image we only detect about 500 radio sources per square degree above ∼ 500 µJy (> 3σ). In contrast, the dense sampling in PRIMUS yields ∼ 2500 galaxies per 0.18 deg 2 , corresponding to a source density of ∼ 14000 deg −2 . In such a situation, stacking on the radio image at the positions of the PRIMUS galaxies allows us to extract signals from the noise (White et al. 2007 ). The stacking process is straightforward -it involves making a cutout centered at the position of each sample galaxy and then obtaining a mean stack image by averaging over all cutouts on a pixel-by-pixel basis.
We note that some authors have chosen to do a median stack instead of a mean (average) stack (e.g. White et al. 2007) . The median has the advantage of not being biased by a few outliers anywhere in the image. However, the interpretation of the median value for low S/N data typically involved in image stacking is complicated. For such data, simulations carried out by White et al. (2007) show that the computed median value is shifted from the true median towards the "local mean" value. Here, the "local mean" is defined as the mean of the values within approximately one rms of the median. Unfortunately, the degree of the shift depends on the noise level; as the noise increases, the recovered value approaches the local mean. Due to this effect, the recovered median value is a function of both the intrinsic distribution of the parameter being measured (in our case, radio flux) and the noise level. White et al. (2007) note this limitation but choose to go with the median stack since their samplea large number of quasars drawn from the Sloan digital sky survey -has quite a few extreme outliers in the form of radio-loud quasars. Our sample is free of extremely bright radio counterparts; in fact, more than 99 percent of our sample galaxies have no detectable radio counterpart at 0.325 GHz even with our deep radio imaging. For this reason, we chose to perform mean stacks since the statistical properties of the mean are very well understood, even in low S/N situations.
We stacked the images at 0.325 and 1.4 GHz in the radio and at 24, 70, 160, 250, 350 and 500 µm in the infrared at the positions of the blue galaxies. We divided the sample into redshift bins of 0.1 between redshifts 0 to 1.2. Table 3 lists the number of galaxies in each redshift bin for each of the datasets used in this work. Stacking was performed separately in each redshift bin. The PRIMUS sample has large number of galaxies in each redshift bin with a minimum of 1100 galaxies in the bin 1.1 to 1.2 and a maximum of ∼ 5300 galaxies in the bin 0.6 to 0.7. The large number of galaxies in each bin allows us to detect signal from extremely faint galaxies in the stacked images with high signal-to-noise ratio ( 4). Due to smaller sky coverage at 1.4 GHz, the number of PRIMUS blue galaxies available for stacking on the 1.4 GHz image in each redshift bin, are lower than those at other wavebands.
Before stacking, a 61 × 61 pixel-image centered at the position of each galaxy within the redshift range of the corresponding bin was cutout from the images of the surveys mentioned in Section 2. The flux density image of each cutout was converted into a luminosity image using the respective redshift before doing a mean stack. We used the peak luminosity in the stacked image at the position of the PRIMUS sources (typically the center pixel) to estimate the mean luminosity at that redshift bin (see e.g. White et al. 2007 ). For unresolved point sources, the peak emission is the same as the total emission integrated within the resolution beam. However, this may differ if the sources being stacked are extended w.r.t the beam (Karim et al. 2011 ). In our study, the PRIMUS galaxies are point sources for ∼ 9 arcsec beam at 0.325 GHz. Hence, the peak-pixel value of the stacked imaged can be used as the integrated luminosity of the sample.
We carried out stacking of the flux density images also. The peak value of the luminosity or flux density in stacked images should be computed w.r.t zero mean background. However, due to the contribution of emission from other sources, the background level in the stacks is not zero mean and is slightly offset towards positive values. We have therefore subtracted this offset value from all pixels in the stacked images at each redshift bin. The mean flux density, the stacked image rms noise and the mean luminosity for each redshift bin are tabulated in Table 3 .
We note that the luminosity derived from the stacked fluxes and mean redshifts differ from the stacked luminosities especially in the low redshift bins (see Table 3 ). We list the luminosities obtained from stacking in luminosity space (column 7) and from stacked fluxes and mean redshift (column 8). In the lower redshift bins (z < 0.3) they differ significantly by up to ∼30 percent. However, at higher redshifts (z > 0.3) the two methods yield similar values within 5 percent. This is mainly because the luminosity at the edges of the lowest z bin (0.1 < z ≤ 0.2) varies by a factor of 4.5 as compared to a factor of 1.6 for a higher z bin (1 < z ≤ 1.1). The stacked fluxes in a redshift bin do not account for this variation and therefore we chose to perform stacking in luminosity space.
For robust error estimation of stacked luminosities and fluxes, we performed standard bootstrap analysis (Efron & Tibshirani 1994) on the cutout images in each redshift bin. At each redshift bin, a cutout was randomly selected N obj times (allowing repetitions) and were stacked. Here, N obj is the number of objects in a given redshift bin (see Table 3 ). We performed 20 bootstrap iterations and computed the mean luminosity and the flux density for each. The standard deviation for these 20 iterations is considered as the error on the stacked quantities at a given redshift bin.
Determination of the luminosity of the stacked images could be affected if the sources in the primary sample are clustered (Béthermin et al. 2010) . Skibba et al. (2014) found evidence of clustering of the PRIMUS galaxies, especially for the red galaxies, which can affect the estimated stacked luminosity for images with coarse resolution, like that of the HerMES bands. Béthermin et al. (2012) showed that the contribution due to clustering can be estimated by modeling the radial profile of the stacked image as a point spread function (psf) and convolution of the psf and two-point angular correlation function of the parent sample. In our case, at all the wavebands, the radial profile can be fitted by a single component Gaussian profile within 7 percent, that represents the psf, even at 500µm where the resolution is poorest. This indicates that the correction due to clustering of the PRIMUS blue galaxies is less than 10 percent and is within the errors estimated using the bootstrap method, and hence does not significantly affect our results. Thus, working with blue galaxies has the advantage of being significantly less clustered and such corrections are small enough to be ignored.
Spectral energy distribution and k−correction
We obtain rest-frame emission by applying k−correction to the observed luminosities in radio and FIR bands. In this study, we explore the radio-FIR correlation between rest-frame radio emission at 1.4 GHz and FIR emission both monochromatic at 70µm and bolometric between 8-1000µm. These specific radio and FIR bands are chosen to enable direct comparison with the literature (see e.g., Appleton et al. 2004; Mao et al. 2011; Ivison et al. 2010a,b; Bourne et al. 2011; Magnelli et al. 2014 ). In the radio, estimating the luminosity at a given rest frequency, in our case 1.4 GHz, is relatively easier owing to power law nature of the spectrum. Figure 3 shows the variation of the spectral index, α nt , defined as S ν ∝ ν −αnt , determined using the mean stacked luminosity at each redshift bin between 0.325 GHz and 1.4 GHz. The spectral index in each redshift bin is consistent within 1σ errors with typical spectral index of ∼ 0.8 (shown as dashed line in Figure 3 ) observed for nearby normal star-forming galaxies Basu et al. 2012a) . We therefore estimated the rest frame 1.4 GHz luminosity (L 1.4GHz,rest ) by extrapolating the observed frame luminosity at 0.325 GHz (L 0.325GHz,obs ) assuming the typical non-thermal spectral index of 0.8 for normal galaxies. Thus, L 1.4GHz,rest = L 0.325GHz,obs [0.325(1 + z)/1.4] 0.8 , where z is the redshift.
At FIR wavebands, due to the complex nature of the spectral energy distribution (SED), robust modeling is necessary for accurate estimation of the monochromatic and bolometric FIR luminosities. Casey (2012) pointed out that fitting a simple modified blackbody spectrum (henceforth referred to as greybody) to the FIR spectrum is inadequate in fitting the mid-IR observation, whereas fitting a multi temperature greybody spectrum introduces several free parameters. Further, they demonstrated that a model consisting of single temperature greybody + mid-IR power law fits the FIR spectrum well. Following Casey (2012) we modelled the FIR spectrum, S(λ), as,
Here, A GB and A PL are the greybody and mid-IR power law amplitude normalization respectively, λ c is the mid-IR turnover wavelength, α is the mid-IR power law index, τ λ = (λ 0 /λ) β is the optical depth and is unity at λ 0 (assumed to be 200 µm), β is the dust emissivity index, T is the greybody temperature and h, c, k are the Planck constant, speed of light and Boltzmann constant, respectively. Characteristic dust temperature (T dust ) is given by Wien's displacement law, T dust = b/λ peak (µm), where, b = 2.898 × 10 3 µm K and λ peak is the peak wavelength of the fitted SED.
Although there are six fitting parameters, namely, A GB , A PL , α, β, T and λ c , the parameters A PL and λ c are coupled to the rest, thereby reducing the number of free parameters to four (see Casey 2012) . Thus, for a robust fitting of the FIR SED, at least 5 data points are necessary. We have therefore stacked, in luminosity space, 6 wavelength bands in the FIR, i.e., three MIPS bands (24, 70 and 160 µm) from SWIRE and three SPIRE bands (250, 350 and 500 µm) from HerMES at the position of the PRIMUS galaxies to constrain the SED. However, to constrain the mid-IR power law index, α, at least 3 photometric points in the mid-IR (between ∼ 10 − 50 µm, rest-wavelength) are required, which are not available in our case. We have therefore fixed α = 2 (Casey 2012) . Similarly, we fixed β = 1.5 (following Magnelli et al. 2014; Casey 2012) .
Separate fits were done for the stacked SEDs in luminosity space, in each of the 12 redshift bins shown in Figure 4 . Each fit is color coded for the redshift bin. In Figure 8 we show the two components, greybody (red dashed curve) and mid-IR power law (blue dash-dot curve) at each redshift bin along with reduced chi square (χ 2 red ) and errors in the fitted parameters. The two components together give an excellent fit to the data with one exception. The SED fit for the first redshift bin is poor having large χ 2 red and more than 50 percent error in the derived FIR luminosity. We have excluded this bin from all our further analysis.
To compare our results using stacking, and study its nature in perspective of the large span in luminosity (∼ 5 orders of magnitude), we also study the radio-FIR correlation using detected sources along with the stacked sources. For the sources that are detected at 0.325 GHz, we cross matched them with the HerMES DR2 catalog (Roseboom et al. 2010 ). There are 1805 sources that are detected at 0.325 GHz and in all the three HerMES bands (250, 350 and 500µm). The HerMES bands are required for a better constraint on the "cold dust" greybody spectrum. However, we note that for the above SED fitting method to work best in estimating the 70µm monochromatic luminosity, one needs mid-IR observation to constrain the power law component. We therefore, additionally imposed the condition, that the sources be detected at 24 and 70 µm from the SWIRE survey. There are 231 sources detected in five infrared bands from 24µm to 500µm with 0.325 GHz counterparts. Only 26 of the 231 sources have spectroscopic redshift from the PRIMUS, predominantly due to small areal coverage. Therefore, to increase the sample size we used photometric redshifts (z phot ) from the Canada-France-Hawaii Telescope Legacy Survey 4 (CFHTLS; Ilbert et al. 2006 ) available in the XMM-LSS field that covers a larger area (see Figure 1 ). CFHTLS provides accurate z phot for galaxies, with only ∼ 4 percent catastrophic failures, i.e., ∆z/(1 + z spec ) > 0.15 (Ilbert et al. 2006) . Of the 231 sources, 126 have z phot available. These 126 sources are an assortment of galaxies comprising of 100 blue and 26 red galaxies spanning up to a redshift of 0.95. Note that, 19 of these 100 blue galaxies lie in the PRIMUS coverage and have also been included while stacking.
The choice of α plays a crucial role in determining the A PL and λ c and, in turn the SED fit below ∼ 100 µm, leading to deviant fits. We have therefore performed a grid search for the value of α between 1.2 and 3.2 in steps of 0.05. We fixed α where the χ 2 to the fit was minimum. More than 90 percent of the objects could be fitted with α in the range 1.8-2.3.
We would like to emphasize that, the three HerMES data points help in constraining the "cold dust" greybody spectrum while for the mid-IR power law part, more than one data point below ∼ 100 µm observed-frame wavelength (in our case 24 and 70 µm) is necessary for robust estimation of k−corrected 70µm luminosity. Using only 24µm and three HerMES bands, constrains the FIR greybody well, but the mid-IR SED is not well constrained leading to increased dispersion in the radio-FIR correlation when studied at 70µm. Having the observed frame 70µm data point is crucial to our analysis.
RESULTS
Image stacking technique allows us to estimate mean luminosities of our sample galaxies in each redshift bin of 0.1 across 0 < z < 1.2 (see Section 3). We summarize our results of the stacked images at various wavebands in Table 3 . Note that, we detect emission from faint galaxies that have L 1.4GHz of few times ∼ 10 20 W Hz −1 and L 70µm of few times 10
22
W Hz −1 . Using stacking we probe radio-FIR correlation for galaxies that are up to 2 order to magnitude fainter than the samples used in previous studies based on direct detections in the similar redshift range (see e.g. Garrett 2002; Appleton et al. 2004; Kovács et al. 2006; Mao et al. 2011; Del Moro et al. 2013 ). However, this increased depth is restricted to the lowest redshift bins, due to the Malmquist bias present in the parent optical sample. The radio/FIR stacking process does not introduce any additional biases, but it cannot overcome the inherent bias in the parent optical sample. The radio-FIR correlation is generally quantified by two parameters -1) the slope in log-log space, b, given by, L radio ∝ L b IR and 2) the parameter 'q' defined as q = log 10 (L IR /L radio ). Here, L radio is the luminosity at a radio frequency, in our case at 1.4 GHz rest-frequency. However, several definitions of L IR are found in the literature, such as rest-frame monochromatic luminosity at some specified infrared wavelength (see e.g. Appleton et al. 2004; Mao et al. 2011) or bolometric luminosity integrated between 40 − 120 µm (defined by Helou et al. 1985) or between 8 − 1000 µm (see e.g Bell 2003; Ivison et al. 2010b; Bourne et al. 2011; Magnelli et al. 2014 ). Here we study the radio-FIR correlation using both rest-frame monochromatic infrared luminosity at 70µm (L 70µm ) as well as bolometric total infrared luminosity integrated between 8 − 1000 µm (L TIR ). For the monochromatic case, we define q 70µm = log 10 (L 70µm /L 1.4GHz ) and for the bolometric case, we define, Table 2. following Helou et al. (1985) . Note that Helou et al. (1985) defined the bolometric infrared luminosity integrated between 40−120 µm. Bourne et al. (2011) showed that the use of 8 − 1000 µm luminosities increases the absolute value of q TIR by ∼ 0.32 compared to that originally defined by Helou et al. (1985) . The rest-frame far-infrared monochromatic luminosity at 70µm and the bolometric luminosity are computed using the SED fits discussed in Section 3.2.
In Figure 5 (left hand panel) we plot the radio luminosity at rest frame 1.4 GHz (L 1.4GHz ) vs. the FIR luminosity at 70µm (L 70µm ) for the stacked galaxies (shown as stars) and the directly detected galaxies (shown as circles). The symbols are color coded based on the redshift. We note that the mean stacked luminosities in the higher redshift bins are higher. This trend is expected due to the inherent Malmquist bias. The radio and FIR luminosities are found to be strongly correlated with Spearman's rank correlation, r > 0.99. We fitted for the slope of the correlation using ordinary least-square "bisector method" (Isobe et al. 1990 ) in log-log plane. The solid line shows the fit to all the data points and have a slope 1.09±0.05. We also did separate fits for the stacked and detected galaxies. The dashed line shows the fit for the stacked galaxies for which the slope is found to be 1.04±0.03. The dash-dot line represents the fit for detected galaxies and have a slope of 1.12±0.05. They all agree within errors suggesting the radio-FIR correlation holds over the entire luminosity range of five orders of magnitude, probing galaxies with different ISM properties. The values of the slopes are tabulated in Table 2 . Figure 5 (right hand panel) shows the radio-FIR correlation between L 1.4GHz and the total infrared luminosity (L TIR ). We find strong correlation between the two quantities. In this case, we find the slope to be significantly steeper than unity. The slope of the radio-FIR correlation is found to be 1.11 ± 0.04 when fitted for the stacked sources and detected sources together (solid line). By separately fitting the stacked galaxies and the detected sources we find the slopes to be 1.12 ± 0.03 and 1.13 ± 0.04, respectively (see Table 2 ). Similar non-linear slope of 1.10 ± 0.04 was also reported by Bell (2003) for normal star-forming galaxies in the local universe having L TIR in the range 10 8 to 10 12 L ⊙ . In Figure 6 , we study the variation of q 70µm (left hand panel) and q TIR (right hand panel) with redshift (1 + z).
The mean values of the parameter are tabulated in Table 2. We find the mean value of q 70µm to be 2.18 with 1σ dispersion of 0.26. This is consistent with q 70µm = 2.15 (shown as the solid line) and 1σ dispersion of 0.15 (shown as the dashed lines) observed by Appleton et al. (2004) over similar redshift range and by Mao et al. (2011) for redshifts up to ∼ 3 for more luminous galaxies. However, for the stacked sources, q 70µm is found to be lower than that observed by Appleton et al. (2004) and have q 70µm of 2.0 ± 0.2. Within errors, q 70µm is observed to remain constant with redshift.
q TIR shows a mean value of 2.50 with a 1σ dispersion of 0.24. This is close to the value 2.64 observed for local galaxies (Bell 2003) with similar dispersion. The mean value of q TIR for the stacked sources are found to be lower, q TIR = 2.34 ± 0.22, than that of the detected sources, q TIR = 2.51 ± 0.24 (see Table 2 ). Our estimated value of q TIR for stacked sources is close to the value 2.40 ± 0.29 observed by Ivison et al. (2010a) for sub-mJy radio emitting galaxies. Note that, the radio- .31 Detections (blue+red) 1.12 ± 0.05 2.22 ± 0.24 1.13 ± 0.04 2.51 ± 0.24 1.13 ± 0.05 2.25 ± 0.24 Stacks+detections 1.09 ± 0.05 2.18 ± 0.26 1.11 ± 0.04 2.50 ± 0.24 1.10 ± 0.04 2.23 ± 0.25 The slopes are estimated by fitting a straight line in the log-log space of the luminosity plots shown in Figure 5 . ... represents the mean values of the quantity along with their measurement errors from Figure 6 .
FIR correlation is tighter when studied for bolometric FIR luminosity than for monochromatic 70µm luminosity. This is evident from the mean value of q TIR showing lesser spread around the mean (0.24 dex) as compared to q 70µm (0.26 dex). In linear space this corresponds to ∼ 16 percent spread in L 1.4GHz vs. L TIR as compared to ∼ 28 percent spread when studied between L 1.4GHz vs. L 70µm .
For completeness with the various definitions of the parameter 'q', we also present the results of the radio-FIR correlation between rest-frame L 1.4GHz and L FIR (listed in Table 2 ). Here, L FIR is the bolometric infrared luminosity integrated between 40 − 120 µm. There is no significant differences in the values of q FIR and the slope when compared with that of monochromatic 70µm. This is not surprising because, as per the traditional definition of Helou et al. (1985) , the factor 3.75 × 10 12 W (in Equation 2) normalizes the integrated luminosity between 40 − 120 µm to the mean luminosity at ∼ 80 µm. This value is close to 70µm.
Detected red galaxies
To assess the effect of including the 26 red galaxies on the radio-FIR correlation, we have separately studied the red and blue galaxies that are directly detected. The two populations are well mixed in the radio-FIR correlation and there are no systematic difference between them. In Table 2 we list the slope and the 'q' parameter of the two classes estimated for 70µm, TIR and FIR. Both blue and red galaxies follow the correlation with similar 'q' parameters for all the three cases (i.e., q 70µm , q TIR and q FIR ). However, the slope of the correlation is found to be steeper in red galaxies as compared to the blue galaxies when studied between L 1.4GHz in the radio and L 70µm and L FIR in the infrared (see Table 2 ). This difference is at less than 2σ significance and is perhaps caused due to relatively smaller sample size of the red galaxies. We do not observe any difference in the slope for blue and red galaxies when studied for L TIR . Overall, including the red galaxies in the sample of detected galaxies does not bias our results.
Note that in our stacking analysis we have not distinguished between the objects that have been detected as a PRIMUS counterpart or not. This is crucial in estimating the typical mean flux or luminosity of the sample in each redshift bin and waveband. Since, we have less than 50 percent detections w.r.t PRIMUS objects, the median stacking could be insensitive to the objects having PRIMUS counterparts. In our analysis, we find that the mean quantities are at an average 20 percent higher than that of the median quantities. Our method of stacking is equivalent to the quantity measured in Equation 3 of Magnelli et al. (2014) . The difference between mean and median stacking is well captured in our estimated bootstrap errors. The use of median luminosities does not significantly affect the slope of the radio-FIR correlation shown in Figure 5 (left hand panel) . However, it can systematically increase the value of q 70µm and q TIR of the stacks (the stars shown on Figure 6 ) by ∼ 0.1, i.e., ∼ 5 percent. This change in q 70µm and q TIR is well within the errors.
DISCUSSION
We have studied the radio-FIR correlation of an optical flux-limited sample of "blue cloud" galaxies (L TIR ∼ 10 9 − 10 11 L ⊙ ) in the redshift range 0.1 − 1.2, using image stacking technique in luminosity space, and for comparison, for luminous galaxies (L TIR 10 11 L ⊙ ) detected in the XMM-LSS field using deep GMRT observations at 0.325 GHz. Bourne et al. (2011) , using a coarser redshift bin-size of > 0.2 for stacking, probed a similar luminosity regime for stellar-mass-selected galaxies. We measure the mean luminosity of blue galaxies to be at least 2 orders of magnitude fainter than the galaxies that are directly detected in radio and infrared in the XMM-LSS field and about three orders of magnitude fainter than that of the previous studies (see e.g., Garrett 2002; Appleton et al. 2004; Kovács et al. 2006; Mao et al. 2011) . Our study probes a relatively poorly observed regime of the radio-FIR correlation in luminosity and in redshift.
Variation of dust temperature
In Figure 7 (left-hand panel), we show the variation of T dust with the total infrared luminosity (L TIR in units of L ⊙ ) for the stacked sources (shown as blue stars) and the detected sources (shown as black points). Our result is consistent with the second order polynomial fit (shown as red dashed line) for slightly more luminous galaxies between 0.2 < z < 0.5 from Magnelli et al. (2014) . Note that the Magnelli et al. (2014) curve does not extend to the faintest data point in our sample.
In Figure 7 (right-hand panel) we plot the variation of the characteristic dust temperature, T dust with redshift, 1 + z. We find T dust to vary between 18 − 28 K with T dust increasing linearly with redshift as, T dust = (8.2 ± 0.9)(1 + z) + (11.5 ± 1.5)
A similar linear variation of T dust with redshift was reported by Kovács et al. (2006) for distant sub-millimeter selected galaxies which are 4 orders of magnitude more luminous than our galaxies. However, such a trend could be caused due to T dust being correlated with L TIR which in turn is correlated with redshift. 
Variation of 'q'
The mean value of q TIR for the stacked sources is found to decrease with redshift, and can be modeled as q TIR ∝ (1 + z) γ (see, e.g., Bourne et al. 2011; Ivison et al. 2010a) , where γ = −0.16 ± 0.03 ( Figure 6 right-hand panel). The fitted value of γ is similar to γ = −0.18±0.10 found by Bourne et al. (2011) for galaxies with mass-limit log(M ⋆ ) > 10.5 and γ = −0.15 ± 0.03 by Ivison et al. (2010a) for slightly luminous galaxies (L 1.4GHz ∼ 10 22 − 10 25 W Hz −1 ). This slight decrease in q TIR with redshift, however, is not very significant within the large errors. The correlation coefficient was estimated taking into account the errors of q TIR , using a Monte Carlo method wherein 1000 random samples of q TIR were generated within the 1σ error for each redshift bin. The values of q TIR were then randomly sampled from each redshift bin 1000 times to mimic different realizations and the Spearman's rank correlation was estimated for each. We found the mean rank correlation coefficient to be ∼ −0.13.
We do not observe such a trend for q 70µm . This could be caused due to the rest-frame luminosity at 70µm being dust temperature dependent. Figure 7 (right hand panel) shows an increase in dust temperature with redshift resulting in increasing L 70µm , hence compensating for any decrease in q 70µm . This trend is consistent with recent observations of Smith et al. (2014) , where they find monochromatic q near the peak of the dust emission to remain constant with dust temperature.
Is 'q' an indicator of evolution of the correlation?
In our study, we find the radio-FIR correlation to hold true within the redshift range 0.1-1.2 for blue galaxies and also for much luminous galaxies spanning about 5 orders of magnitude. The correlation can be fitted by a single slope, b = 1.09 ± 0.05, when studied with monochromatic FIR luminosity (L 70µm ). For bolometric FIR luminosity (L TIR ), we find, b = 1.11 ± 0.04 (see Table 2 ). For our sample, we find that the slope of the radio-FIR correlation is systematically steeper than unity with 1.8σ significance for L 70µm and 2.75σ for L TIR .
The non-linear slope of the radio-FIR correlation brings to light the ambiguity in use of the quantity 'q' (both q 70µm and q TIR ) in quantifying the tightness of the correlation or in studying evolution of the radio-FIR correlation. Note that, apart from the traditional definition, q can also be written as,
Here, a is the proportionality constant of the radio-FIR correlation, i.e., L 1.4GHz = aL b IR . This relation holds for both monochromatic q 70µm and bolometric q TIR . Clearly, for non-unity slopes, the absolute value of q would depend on the slope and also on radio luminosity and hence cannot be assumed to be a constant. Several other works in the literature have indeed reported nonlinear slopes (Price & Duric 1992; Niklas & Beck 1997; Bell 2003) . Moreover, L 1.4GHz in the rest-frame depends on the assumed value of the spectral index and thus can affect the value of q further. It is, therefore, difficult to compare the value of the parameter q in the literature and interpret any variation of q as evolution of the correlation. This non-linearity of the slope could also give rise to the observed slight change in q TIR (see Section 4 and Figure 6 ). We have modeled the variation as q TIR = 2.53 (1 + z) −0.16 , which results in ∆q TIR ≈ −0.26 between z = 0 and 1. This change has been observed in other studies, e.g., Ivison et al. (2010a); Bourne et al. (2011); Magnelli et al. (2012) . Following Equation 4, the expected change in q TIR is given by,
Here, L 1.4GHz | z is the rest-frame 1.4 GHz luminosity at a redshift z. From Figure 5 we find L 1.4GHz to increase by a factor ∼ 10 3 between z = 0 and 1 for the stacked galaxies. Thus, ∆q TIR ≈ −0.27 for b = 1.1 (see Table 2 ), similar to the observed change. It is therefore difficult to interpret any change in the parameter 'q' as an evolution of the radio-FIR correlation for non-linear slopes. Note that, although our results are based on a sample that is flux limited and color selected, it is important to ascertain the slope for a more representative sample to conclude any evolution based on 'q'.
The parameter 'q', explicitly depends on the absolute values of the ISM parameters, such as, density of dust (ρ dust ), T dust , dust emissivity (Q), properties of dust grains, like size (a), CRE density (n CRe ), magnetic field (B) and the non-thermal spectral index (α nt ). In terms of these quantities q can be written as;
Hence, based on a controlled sample 'q' can be used as a proxy to 'relatively' distinguish object based on their ISM properties. On the other hand, the slope, b, is an important parameter that connects the various physical parameters in the ISM (see e.g., Niklas & Beck 1997; Dumas et al. 2011; Schleicher & Beck 2013) . Note that at the heart of the radio-FIR correlation lies the interdependence between various ISM parameters and not their absolute values, viz., coupling between B and gas density (B ∝ ρ κ gas ; see e.g., Helou & Bicay 1993; Niklas & Beck 1997; Groves et al. 2003) , the Kennicutt-Schmidt law (Kennicutt 1998 ) and spectrum of the CREs. Therefore, the evolution in slope can throw meaningful insights into understanding the cause and/or evolution of the radio-FIR correlation. In our study, a single slope is enough to fit the radio-FIR correlation throughout the luminosity and redshift range. We do not find any evidence of its evolution within the uncertainty of our measurements.
Heterogeneity in the sample
In spite of the wealth of observational evidence, a clear understanding of the reason behind the radio-FIR correlation, across various galaxy types with wide range of star-formation activity, magnetic field strengths, nature of ISM turbulence, etc., remains elusive. One of the major areas of progress in recent years has been in our understanding of how star-formation/supernova driven turbulence helps in amplification of magnetic field strength in galaxies (Breitschwerdt et al. 2009; de Avillez & Breitschwerdt 2005; Mac Low et al. 2005; Gent et al. 2013a,b) , and how the magnetic field in turn couples with the gas density, and hence the star formation rate (Cho & Vishniac 2000; Groves et al. 2003) . Recently, Schleicher & Beck (2013) interpreted the radio-FIR correlation as a result of turbulent magnetic field amplification driven by star-formation activity and their interplay. Cosmic ray energy loss mechanisms and magnetic field strength evolution at higher redshifts may affect the synchrotron emission and hence change the nonthermal spectral index giving rise to modification of the radio-FIR correlation.
We would like to point out, since our sample is flux-limited in the optical, we have a wide range of galaxies in our sample. In terms of L TIR , galaxies are classified as, 1) normal star-forming (L TIR 10 11 L ⊙ ), 2) LIRGs (10 11 L ⊙ < L TIR < 10 12 ), 3) ULIRGs (10 12 L ⊙ < L TIR < 10 13 ) and 4) Hyper LIRGs (L TIR > 10 13 ) (see e.g., Sanders & Mirabel 1996) . As per these definitions, the stacked sources mostly fall under the category of normal star-forming galaxies. Although, the number of (U)LIRGs are significantly less in the local universe (z < 0.3), they could contribute significantly to the infrared luminosity at higher redshifts (Kim & Sanders 1998; Caputi et al. 2007; Kilerci Eser et al. 2014) . Magnelli et al. (2009) found significant evolution of the contribution from (U)LIRGs to the cosmic star formation rate density with respect to that from main sequence galaxies. Thus, towards the higher redshift bins (z 0.9) there could be significant contribution from LIRGs and ULIRGs to the stacked luminosity. On the other hand, the majority of directly detected sources falls under the LIRG and ULIRG category.
In this study, the stacked blue galaxies and the directly detected luminous galaxies are expected to have different nature of ISM turbulence and magnetic field amplification. For normal star-forming galaxies, at lower luminosity range, the turbulence is mostly driven by starformation activity while for the luminous galaxies the turbulence could be driven by interactions and mergers (Veilleux et al. 2002; Kilerci Eser et al. 2014) . Even perhaps, the mechanisms driving the radio-FIR correlation can differ in these wide variety of galaxies (see Lacki et al. 2010 ). Ideally, one should study the different population of galaxies based on a well defined luminosity or stellar-mass selection. Unfortunately, due to the lack of sufficient number of directly detected galaxies of similar luminosities/stellar-masses across all redshift bins, our sample does not allow us to study this aspect. But, nonetheless, notable fact is that both class of galaxies follow the radio-FIR correlation with similar parameters. This brings to light the universal nature of the radio-FIR correlation and suggests similar global processes at play in galaxies with very different ISM properties.
The stacking technique described in this paper trades off sample size for improved signal to noise. Such a compromise has the obvious drawback that one can only study the mean properties of a sample. Outliers in the parameter space that correspond to more extreme physical environments are completely missed out.
In order to study the radio-FIR correlation in normal galaxies at high redshift without the above tradeoff requires large, spectroscopically confirmed samples of such galaxies spanning the entire redshift range of interest.
Multi-object spectrographs on large optical telescopes are now routinely producing such samples totalling hundreds of thousands of galaxies (e.g., Coil et al. 2011 [PRIMUS] ; Guzzo et al. 2013 [VIPERS]; Newman et al. 2013 [DEEP2] ; Le Fèvre et al. 2005 [VVDS]; Baldry et al. 2010 [GAMA] ). Radio followup at sufficient depth will also be routine with the JVLA (Jarvis et al. 2014 ) and deep surveys with upcoming facilities such as ASKAP and MeerKAT. The situation with deep FIR surveys is less hopeful. The Level 5 and Level 6 HerMES data are already sufficiently confused that increased depth in the FIR can only be achieved with a larger telescope operating at somewhat shorter wavelengths. Such a superSpitzer will need to have a large aperture and instruments far more sensitive than MIPS. Unfortunately, such a telescope is nowhere on the horizon.
The stacking methods described in this paper can be gainfully applied to a number of other deep fields where almost all the required data are available in public archives.
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APPENDIX
STACKING ANALYSIS
Results of our stacking analysis for various wavebands are given in Table 3 . Column 2 shows the range of redshift bin and column 3 shows the number of PRIMUS blue galaxies in each bin. In column 4 we list the mean redshift of the galaxies. Columns 5 and 6 lists the mean stacked flux density and the rms noise of the stacked images in mJy, respectively. In column 7 we list the luminosity derived from stacking in the luminosity space in units of 10 22 W Hz −1 . For comparison, we list the luminosity derived from stacked flux density and the mean redshift in column 8. We have used the values from column 7 in our analysis. The errors on mean stacked flux density and luminosity are the 1σ bootstrap errors.
SED FITS TO STACKED IMAGES
We show the two components of the SED fitting in the FIR regime. In Figure 8 , the greybody component is shown as a dashed red line and the mid-IR power law component is shown as a blue dashed-dot line. The solid black curve shows the total fit. 
